We report the first detection of EUV radiation from a UV Ceti-type flare star, Proxima Centauri, and derive an emission measure of 4.6 X 10 52 cm -3 . This implies a total thermal X-ray emission (1-250 Â) of L x = 7-18 X 10 29 ergs s -1 . Using past X-ray flare observations of YZ CMi and UV Ceti and a recombination model, we derive limits on L x /L 0 pt to test flare-star scaling theories. We conclude that Lx/L 0 pt in the observed flare is at variance with Mullan's scaling law theory and may be highly variable among stellar flares.
I. INTRODUCTION
Recent discoveries of extreme-ultraviolet (EUV) radiation from HZ 43 (Lampton et al. 1976 ) and Feige 24 (Margon et al. 1976 ) can be interpreted as thermal radiation from DA white dwarfs. Although these stars were the first reported extrasolar EUV sources, it is unlikely that they are the only ones. We report here the first detection of EUV radiation from a UV Ceti-type flare star, Proxima Centauri ( = V645 Cen; =Gliese 551; = a Cen C).
Flares in such dwarf M stars have been studied for many years by photometry and spectroscopy in the visible (cf. Kunkel 1975) , and more recently by their radio (e.g., Kahn 1969) and X-ray emission (Heise et al. 1975) . Gershberg (1975) has pointed out phenomenological similarities between flares in UV Ceti-type stars and chromospheric aspects of solar flares, and Mullan (1975) suggests that the energy for stellar flares is the missing energy of starspots. Lategan (1976) has suggested that flare stars may contribute to the soft X-ray background. Fundamental questions remain unresolved, however, including why they can be so much more energetic than solar flares, the nature of their energy release and triggering mechanisms, and the detailed role of magnetic fields.
II. OBSERVATIONS We observed the dwarf M5e flare star Proxima * Staff Member, Laboratory Astrophysics Division, National Bureau of Standards.
Centauri twice with the Apollo-Soyuz telescope (Lampton et al. 1976; . The effective area (filter response) of the four EUV filters is shown in Figure 1 Figure 2 . The apparent double-peak structure of the count rate in the 44-190 Â parylene filter is well within the bounds of Poisson statistics and is thus not physically significant. After subtracting the backgrounds, we obtain the count rates shown in Table 1 . Because of a varying background, the longer exposure time on revolution 94 did not reduce our statistical errors.
III. DATA ANALYSIS Since Proxima Centauri is a well-known UV Cetitype flare star (e.g., Kunkel 1973 Kunkel , 1975 , we assume that the source of transient EUV radiation is a stellar flare. Below we derive emission measures for the flare based on the detection of a 4 counts s -1 signal in the 44-190 Â (parylene filter) bandpass and the assumption that the source of the EUV flux is an optically thin flare plasma at a temperature of 10 6 -10 8 K. The correction for atmospheric absorption in the observed count rate is less than 10% and is overshadowed by counting statistics.
For X > 30 Â, bremsstrahlung is the dominant source of continuum emission (Landini and Monsignori h) r" r" 
where T is the temperature of the plasma, d is the distance to Proxima Centauri (4 X 10 18 cm), and ^4\ is the effective area of the detector at a given X (see Fig. 1 ). The correction for interstellar absorption is negligible as the optical depth, assuming w H = 0.1, is 0.3 at the longest wavelengths, and is rapidly decreasing to shorter wavelengths (Cruddace et al. 1974) .
Emission measures EM = fn e 2 dV are given in Table 2 for three assumed temperatures based on the observed count rate and equation (1). We neglect the contribution of emission lines to the flux in the 44-190 Â interval, as Kato (1976) has found that this contribution is negligible (<1%). We next calculate the total thermal X-ray luminosity L* of the flare, which will be contained almost entirely in the interval 1-250 Â (0.05-12.4 keV). We use values of log [P(0.05-12.4 keV)/w e 2 ] from Kato (1976) and Raymond, Cox, and Smith (1976) , where is the total radiated power in the energy interval Ei-E 2 for an optically thin gas of cosmic abundances and z. -.
1 Throughout this Letter we have taken the free-free Gaunt factor to be unity. Whereas for the relevant ranges of X and T it lies in the range 1 to 2 (Karzas and Latter 1961). Taking this factor into account alters none of our conclusions. SECONDS ELAPSED FROM 2200 UT JULY 22, 1975 Fig. 2 .-Raw count rate in three of the filters of the revolution 109 observations of Proxima Centauri. The times designated for Proxima Cen and background are derived from data supplied by the Apollo inertial guidance system computer, and are independent of our experiment. Thus the precise agreement between the time Proxima Cen entered and left the field of view and the abrupt increase and decrease in signal is extremely significant.
Values of L* are given in Table 2 . The upper limits of the other three filters are consistent with a 10 7 K bremsstrahlung spectrum and the emission measures derived above.
IV. X-RAY TO OPTICAL LUMINOSITY RATIOS There seems to be some confusion in the literature regarding observed and predicted ratios of Lx/^opt-Mullan (1976), for example, citing X-ray flare observations of Heise et al. (1975) in support of his scaling theory for stellar flares, stated that the observed X-ray luminosity of a flare on YZ CMi was 60 times larger than that of a flare on UV Ceti. This is indeed the ratio of the measurements by Heise et al. (1975) of L(l-7 keV) = 3.6 X 10 30 ergs s" 1 (YZ CMi) and ¿(0.2-0.28 keV) = 6.1 X 10 28 ergs s _1 (UV Ceti), but the bandpasses of the two observations are entirely different, containing completely different fractions of the total energy! In deriving a ratio of L x /L 0 pt for UV Ceti, Heise et al. (1975) divided a very narrow bandpass Below we determine total X-ray luminosities for Proxima Centauri, UV Ceti, and YZ CMi based on our data and the data of Heise et al. (1975) and Karpen et al. (1977) , and then estimate the total optical luminosities L 0 pt using Kunkel's (1970a) recombination model to derive some limits on the ¿ X /Z 0 pt ratios for these stars. Heise et al. (1975) measured luminosities for an X-ray flare on UV Ceti of L(0.2-0.28 keV) = 6.1 X 10 28 ergs s _1 and L(l-7 keV) < 1.8 X 10 30 ergs s -1 . Assuming these are total luminosities within the quoted intervals, we can readily derive an emission measure, including contributions from bremsstrahlung plus emission lines. For a T = 10 7 K plasma, P(0.2-0.28 keV)/V = 5 X 10" 25 ergs cm 3 s" 1 (44-62 Â) for bremsstrahlung plus lines, the line contribution amounting to roughly 15% (see also Raymond, Cox, and Smith 1976, Fig. 5) . Thus the observed Z,(0.2-0.28 keV) requires an emission measure EM = 1.2 X 10 53 cm -3 . The total thermal X-ray emission in the interval 1-250 Â is therefore Lx = 2 X 10 30 ergs s -1 , assuming log LtotA^2 = -22.8 (cf. § III).
2 This EM is consistent with the observed L(l-7 keV) < 1.8 X 10 30 ergs s" 1 . A similar analysis can be done on the Heise et al. (1975) luminosities L(0.2-0.28 keV) = 2.5 X 10 29 ergs s" 1 and L(l-7 keV) = 3.6 X 10 30 ergs s _1 for a flare on YZ CMi. An emission of EM = 5 X 10 53 follows from the L(0.2-0.28 keV) measurement and P(0.2-0.28 keV)/ n e 2 cited above. This produces a total thermal X-ray luminosity of Lx = 8 X 10 30 ergs s _1 , consistent with the measured L(l-7 keV) flux, since for a 10 7 K plasma most of the total energy (1-250 Â) is concentrated between 1 and 20 Â.
To obtain ratios Lx/L 0 pt for flares, we must similarly try to derive some relationship between the total "optical" radiation and measurements made with ¿7, B, and V filters. By "optical" radiation we mean energy, which is either conducted or radiated downward into the stellar photosphere and chromosphere from the flare in analogy with solar flare models (Svestka 1973; Henoux and Nakagawa 1977) , and then reradiated by this cool material at "optical" wavelengths (1000-7000 Â). Kunkel (1970a) calculated hydrogen recombination flare spectra and derived a relation between the 2 Hereafter Ptot = P(0.05-12.4 keV). The apparent U and V magnitudes of the UV Ceti binary system are U = 14.9, V = 12.03, with the secondary about half a magnitude fainter than the primary and both stars about the same spectral type, dM5.5e (Iriarte 1971; Bopp and Moffett 1973) . Assuming a nonflare absolute visual magnitude Mv* = 15.0, we obtain a visual flare of absolute magnitude Mv f = 11.8. Since a typical flare color is 1/ -V = -1.2 (Kunkel 1973 (Kunkel ,1975 , Mu f = 10.6. If we assume Mu* = 17.9, this yields &Mu = 7.3 in agreement with Kunkel's observation ùaMu > 6. Inserting Mi/ = 10.6 into equation (3) yields L 0 pt « 5-6 X 10 31 ergs s" 1 for T = 20,000-25,000 K. The ratio Lx/L op t for the flare on UV Ceti is then ^0.04. It is worth noting that the luminosity in Groth's F-band light curve was very sharply peaked in a time interval of only a few seconds straddling the first and second 16 s soft X-ray observing bins. Centauri X-ray flares to their past optical flare histories. Table 3 lists values for the emission measure and L x as derived above, Mu,o the absolute U magnitude of the average brightest flare per hour (cf. Kunkel 1973 (cf. Kunkel , 1975 , and the range of L x /L 0 pt ratios (upper limits) derived from Mullan's scaling theory. If we take the range of ratios for YZ CMi and Proxima Centauri predicted by Mullan's theory to derive L 0 pt, and then compute the corresponding M v f from equation (3) we derive, for YZ CMi, Mu f = 6.0-9.8 {U = 4.9-S.7), and for Proxima Centauri, Mu f = 7.6-11.4 (U = 3.2-7.0). These upper limits on Mu f (lower limits on Z, x /L 0 pt) correspond to flares 10-12 mag brighter than the average brightest hourly flare. Furthermore, given the typical flare color U -V = -1.2, the apparent visual magnitude of the YZ CMi flare would be 6.1, and that of the Proxima Centauri flare 4.4, the latter easily visible to the naked eye. From this admittedly circumstantial evidence we are led to believe that the upper limit for L x /L 0 pt of Mullan's scaling theory is more probable. It should be mentioned that a flare on YZ CMi of magnitude U = 8.4 was observed by Andrews et al. (1969) and by Kunkel (1969) , even though a flare of this brightness is expected to occur only once a year, based on KunkePs (1969) flare statistics for this star.
Simultaneous optical and soft X-ray coverage of three bright visual flares on YZ CMi have been reported by Karpen et al. (1977) , for which they specify upper limits on the X-ray fluxes. For the brightest optical flare, U and B light curves are given, with peak luminosities, Mb* = 13.6 and Mu f = 12.8 (M B * = 13.9, Mu* = 15.0). Using equation (3), we find¿ 0 pt = 7-8 X 10 30 ergs s -1 for this flare. The soft X-ray luminosity L(0.15-0.8 keV) is less than 9 X 10 28 ergs s _1 . The contributions of bremsstrahlung, line emission, and recombination are, respectively, /^(0.15-0.8 keV)/ n e 2 = 2.1 X 10-24 , P L (0.15-0.8 keV)/rc e 2 = 3.2 X 10~2 4 , and P«(0.15-0.8 kéV)/n e 2 < 3.2 X 10 -24 ergs cm 3 s" 1 , for T = 10 7 K. This gives us an emission measure, EM « 1.5 x 10 52 , assuming P b +l+r(0.15-0.8 keV)/ n e 2 ~ 6 X 10 -24 . The total X-ray luminosity for log PtotAv 5 = -22.8 (cf. § III) is L x < 2.5 X 10 29 , and therefore L x /L 0 pt < 0.03. This is not inconsistent with our value of ^0.04 for UV Ceti, given the probable errors in these values, and P x /L 0 pt for this flare on YZ CMi is consistent with Mullan's theory. The ratio cited by Mullan for the Sun is L x /P 0 pt = 0.07. This value is based on the assumption that the continuum flux enhancement for solar flares over the 3500-6000 Â optical interval is the same as the measured (10-1030 Â) enhancement (Kahler and Shulman 1972; McIntosh and Donnelly 1972) , and that the ratios of the 1-8 Â and 8-20 Â fluxes to the 1-1030 Â flux are 0.08 and 0.06, respectively (Donnelly 1971) . If this were indeed the case, the 1-20 Â flux would be 0.14 times the 1-1030 Â flux and not 0.07. Moreover, if these assumed ratios are correct, then we are not dealing with thermal radiation from a hot plasma of temperature 10 6 -10 8 K, since most of the observed 1-1030 A radiation does not lie in the 1-20 Â range as it should if the radiation were thermal at these temperatures. Since Mullan's theory assumes thermal radiation from the hot plasma, there is an obvious inconsistency in the numbers. Also the major contribution to L 0 pt may be at X < 3500 Â for which no data are included. Finally, the assumption that the ratio of 10-1030 Â to white light flux is unity may be inaccurate by more than an order of magnitude (McIntosh and Donnelly 1972, p. 451) . We conclude that the cited solar ratio of 0.07 is suspect and should be properly measured before it can be used as evidence in support of the theory. Tsikoudi and Hudson (1975) estimate LJLu ~ 10 for solar flares.
V. CONCLUSIONS
We have detected EUV radiation from the nearby flare star Proxima Centauri. The fact that the star was detected in the EUV during one observing run but not another leads us to the conclusion that the emission was associated with a stellar flare. Assuming an average brightest once-per-hour flare {Mu$ = 19.2) or assuming the brightest optical flare detected in extended observations of the object (Mu = 16.28), we obtain the ratios Lx/Lopt = 30-80 andLx/Lopt ^ 2-5, respectively. These ratios for UV Ceti and YZ CMi are 0.04 and less than 0.03, respectively, which are consistent with Mullan's scaling theory but are at wide variance with our Proxima Centauri data. Two conclusions are possible-either the observed EUV flare was an extraordinarily bright event, or the ratio Lx/Lopt is highly variable among stellar flares. We are inclined to suggest the latter conclusion. Also, it is easy to imagine situations resulting in very different Lx/Lopt ratios, such as magnetic field configurations inhibiting or facilitating thermal conduction down to the photosphere and a decrease in observed photospheric emission when flares occur at the limb. We suggest that a concerted effort be made to obtain simultaneous visible and EUV or X-ray observations of stellar flares and that the range of L x /L op t be determined for solar flares. The latter may be possible from existing data.
